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The large intestine of dogs contains a complex microbial ecosystem with predominance of streptococci, biﬁdobacteria, lactoba-
cilli, Bacteroides and Clostridium. Generally, this predominant microbiota in dogs is relatively stable in time but much less is known
about its taxonomic composition. Moreover, almost no studies have been conducted to investigate this stability of the faecal micro-
bial population in dogs upon prebiotic administration. The objective of the present study was to monitor possible changes in faecal
microbiota of seven healthy adult dogs related to the administration of two fructans, oligofructose and inulin. For this purpose,
population ﬁngerprints generated by denaturing gradient gel electrophoresis (DGGE) analysis of universal V3 16 S rRNA gene
PCR amplicons were compared between control (baseline) samples and samples collected after prebiotic feeding. From these DGGE
gels, marked changes were observed in the faecal microbiota between subjects and before and after fructan administration. One
DGGE band that appeared or intensiﬁed after fructan intake was further analyzed. Sequence analysis could attribute this band
to a member of the Streptococcus bovis–equinus group. Following cultivation on MRS medium, a set of faecal isolates that most
likely represent the stimulated streptococci were allocated to the species Streptococcus lutetiensis by (GTG)5-PCR ﬁngerprinting
and partial 16 S rRNA and sodA gene sequencing. The data provided in this study demonstrate the ability of fructans to inﬂuence
the bacterial composition of the gut microbiota in healthy dogs. More work is needed to unravel the relevance of S. lutetiensis or
other autochthonous organisms of the dog gut as target groups for prebiotic supplementation.
 2005 Federation of European Microbiological Societies. Published by Elsevier B.V. All rights reserved.
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Like most mammals, the large intestine of healthy
dogs contains a complex microbial ecosystem in which
streptococci, biﬁdobacteria, lactobacilli, Bacteroides
and Clostridium constitute the main predominant bacte-
rial genera [1,2]. The large number of bacteria (i.e., 10100378-1097/$22.00  2005 Federation of European Microbiological Societies
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E-mail address: t.vanhoutte@ugent.be (T. Vanhoutte).per g dry faeces) [3] contributes signiﬁcantly to the colo-
nic fermentation of complex carbohydrates and proteins
leading to the production of beneﬁcial short chain fatty
acids (SCFA) and several toxic putrefactive components
(ammonia, indoles, phenols), respectively. The relative
ratio in which these components are produced is highly
dependent on the bacterial balance and substrate avail-
ability in the colon [4]. Not much is known about the ex-
act composition of the microbiota of dogs and generally
information at the species level is lacking.. Published by Elsevier B.V. All rights reserved.
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pact on the production of fermentation end-products.
Non-digestible carbohydrates such as the fructans oligo-
fructose and inulin are prebiotic substrates that can
selectively stimulate beneﬁcial endogenous gut bacteria
such as lactic acid bacteria and Eubacterium, thereby
improving host health. Because the fructose units of oli-
gofructose (2–8) and inulin (2–60) are connected by b-
(2,1) linkages [5], these components are resistant to
mammalian digestive enzymes [6] which makes them
available for colonic bacteria. In conjunction with prebi-
otic-induced bacterial population shifts, several other ef-
fects associated with prebiotic ingestion have been
reported including increased SCFA and vitamin synthe-
sis, decreased production of putrefactive components
and stimulation of gastro-intestinal physiology, immune
function, lipid metabolism and nutrient digestibility [7–
9]. However, most of these claimed health beneﬁts are
demonstrated in humans whereas there are few data
available on prebiotic eﬀects in domesticated animals
such as dogs.
The vast majority of the prebiotic feeding studies
involving dogs are based on the analysis of physiolog-
ical eﬀects, nutrient digestibility, stool quality and
faecal concentrations of fermentative end products
[10–12]. Prebiotic induced changes of the composition
of the intestinal microbiota in dogs have mainly been
studied by conventional plate counting methods [13]
which lack the sensitivity to fully reﬂect bacterial diver-
sity in faecal samples from dogs in comparison with
molecular approaches such as PCR ampliﬁcation or
ﬂuorescent in situ hybridization (FISH) [14–16]. As a
follow-up to a previous prebiotic feeding experiment
[11], it was the aim of the present study to analyze pos-
sible population changes associated with oligofructose
and inulin administration within the predominant fae-
cal microbiota of healthy adult dogs by culture-inde-
pendent monitoring [17,18]. For this purpose,
population proﬁles generated with denaturing gradient
gel electrophoresis (DGGE) [17] of 16S rRNA gene V3
and V6–V8 amplicons were compared between control
samples and samples collected upon fructan supple-
mentation. One of the changes that was revealed by
DGGE analysis in the predominant microbial gut
population was further elaborated polyphasically by
DGGE band sequence analysis, bacterial isolation
and molecular identiﬁcation.2. Materials and methods
2.1. Faecal samples and total DNA extraction
Dog faecal samples originated from a previous study
in which the eﬀects of oligofructose and inulin adminis-
tration on nutrient intake and digestibility, stool qualityand faecal protein catabolites were evaluated [11]. From
each of the seven dogs included in the latter study (des-
ignated C, D, G, M, O, S and T), three faecal samples
were subjected to DGGE analysis: a control sample ob-
tained before fructan administration and two composite
samples obtained during the four day collection period
after 10 days administration of oligofructose (4.5 g/
day) and inulin (5.6 g/day), respectively. Surgical and
animal care procedures were approved by the Institu-
tional Animal Care and Use Committee, University of
Illinois at Urbana-Champaign. Samples were stored at
20 C.
Faecal samples were homogenized and total DNA
extraction was performed as previously described [19].
2.2. PCR ampliﬁcation and DGGE
Ampliﬁcation of the V3 and the V6–V8 region of
the 16S rRNA gene was performed using the primer
pairs F357-GC and R518, and U968-GC and L1401,
respectively. DGGE analysis of the V3 PCR ampli-
cons was performed using a 35–70% denaturing gel,
whereas a 40–60% denaturing gradient was used for
the separation of V6–V8 PCR amplicons. DGGE gels
were stained with 1· SYBR Gold (catalog no. S-
11494, Molecular Probes) for 30 min and further nor-
malized and analyzed using the BioNumerics software,
version 3.50 (Applied Maths, St.-Martens-Latem, Bel-
gium). The same procedure was followed as described
previously [19].
2.3. DGGE band sequencing
After photographing the gel, selected DGGE bands
were cut out of the gel with a sterile scalpel followed
by elution of the DNA by adding 50 ll TE buﬀer
(10 mM Tris–HCl, 1 mM EDTA, pH 8.0) and incuba-
tion overnight at 4 C. The resulting DNA extract was
subjected to V3-16S rRNA gene PCR after which
PCR products were analyzed by DGGE together with
the amplicons from the original samples in order to
verify that the correct bands were isolated. Upon conﬁr-
mation, a second round of PCR was carried out with
non-GC-clamp primers. Following puriﬁcation of the
PCR amplicons using the QIAquick PCR Puriﬁcation
Kit (Qiagen), sequencing was performed using the Big
Dyee Termination RR Mix V3.1 (Applied BioSystems)
on an ABI 3100 automated DNA sequencer (Applied
BioSystems). For each sequencing reaction, a 10 ll reac-
tion mixture was prepared, consisting of 0.67 ll Big
Dyee, 1.66 ll 5· sequencing buﬀer (Applied BioSys-
tems), 3 ll V3 forward primer without GC clamp or
V3 reverse primer (5 lM), 3.67 ll sterile Milli-Q water
and 1 ll of the puriﬁed PCR product. The PCR proﬁle
consisted of 30 cycles of denaturation at 96 C for
15 s, annealing at 35 C for 1 s and extension at 60 C
Fig. 1. Digitized DGGE proﬁles obtained with the universal V3 16S
rRNA gene primer of the seven dog subjects (C, D, G, M, O, S, and T).
Numbers in the sample codes refer to the control samples (1), samples
obtained after oligofructose supplementation (2) and after inulin
supplementation (3). The square contains an appearing or intensifying
band after prebiotic administration. Underlined sample codes refer to
the DGGE patterns from which the indicated band was extracted for
sequence analysis.
T. Vanhoutte et al. / FEMS Microbiology Letters 249 (2005) 65–71 67for 4 min followed by cooling to 20 C. The PCR prod-
ucts were puriﬁed by adding 25 ll absolute ethanol and
1 ll 3 M Na-acetate (pH 4.6). After cooling on ice for
10 min, samples were centrifuged at 20,000g for
25 min. The pellet was washed with 250 ll ethanol
(70%) and vacuum dried for 25 min. Sequence assembly
was performed using the AutoAssembler program (Ap-
plied Biosystems). The closest related sequences were
found using the fasta program (http://www.ebi.ac.uk/
fasta33/index.html).
2.4. Bacterial isolation
From a selection of the fructan-treated samples (C3,
D3, G3, M3, O3, S3 and T2), 10-fold dilution series
(101–107) were prepared by suspending 1 g wet weight
faeces in 9 ml peptone-physiological solution [PPS, 0.1%
(w/v) Peptone (Oxoid, L37) and 0.85% (w/v) NaCl in
distilled water]. A total of 50 ll of each dilution was pla-
ted on MRS agar (Oxoid) and incubated at 37 C under
micro-aerobic conditions. After incubation for 48 h, ﬁve
colonies were selected from the highest dilution with
growth for each sample and further puriﬁed on MRS
agar (Oxoid).
2.5. Identiﬁcation and typing techniques
A selection of the puriﬁed isolates was subjected to
repetitive DNA element (rep)-PCR ﬁngerprinting using
the (GTG)5 primer [(GTG)5-PCR], Fluorescent Ampli-
ﬁed Fragment Length Polymorphism (FAFLP) and
partial sequencing of 16S rRNA and sodA genes.
(GTG)5-PCR was carried out using the (GTG)5 primer
5 0-GTG GTG GTG GTG GTG-3 0 [20] as previously
described [21]. FAFLP analysis was carried out as
described by Masco et al. [22], using primers E00
(5 0-GAC TGC GTA CCA ATT C-3 0) and T00
(5 0-CGA TGA GTC CTG ACC GA-3 0) for the pre-
selective PCR and primers E01-6FAM (5 0-6FAM-
GAC TGC GTA CCA ATT CA-3 0) and T01 (5 0-CGA
TGA GTC CTG ACC GAA-3 0) for the selective
PCR. For partial 16S rRNA gene sequencing, an ampli-
con of 1533 bp obtained with the conserved primers pA
(5 0-AGA GTT TGA TCC TGG CTC AG-3 0) and pH
(5 0-AAG GAG GTG ATC CAG CCG CA-3 0) was puri-
ﬁed with the QIAquick PCR Puriﬁcation Kit (QIAgen)
and partially sequenced (±1000 bp) using the primers
*Gamma (5 0-CTC CTA CGG GAG GCA GCA GT-
3 0) and pD (5 0-GTA TTA CCG CGG CTG CTG-3 0)
according to the protocol described for DGGE band
sequencing. For partial sodA sequencing, a 435-bp inter-
nal fragment was sequenced using the PCR program
and the primers d1 and d2 described by Poyart et al.
[23].
Partial 16S rRNA and sodA gene sequence data of
isolates S3a and O3a were deposited in the EMBL nucle-otide sequence database under Accession Nos.
AJ843133–AJ843136.3. Results
3.1. Faecal population proﬁling with DGGE
PCR-DGGE analysis with universal primers target-
ing the V3 or V6–V8 region of the 16S rRNA gene
was used to study possible changes in the predominant
faecal bacterial population of control samples and oligo-
fructose and inulin treated samples. Overall, DGGE
proﬁles of V3 and V6–V8 16S rRNA gene amplicons
displayed a relatively low complexity. In contrast to
the V6–V8 proﬁles (data not shown) that were very
homogenous within a given subject, the V3 proﬁles
tended to display more qualitative (presence or absence)
or quantitative (intensity of bands) variations within
each of the seven subjects tested (Fig. 1). Most of the ob-
served changes appeared to be subject-speciﬁc. In addi-
tion, in multiple subjects a number of bands appeared or
intensiﬁed in the control and/or in the oligofructose and
inulin fed groups. One particular band fragment after
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position in the V3 proﬁles of all seven subjects except
that of subject D. This change in the predominant bac-
terial population was most pronounced in subjects G,
M, O, S and T where the speciﬁc band fragment was
present in one or both of the samples obtained after
feeding and could not be detected in the respective con-
trol samples. In subject C, this band fragment was de-
tected in both the control sample and in the samples
obtained after fructan supplementation whereas it
remained undetected in all samples of subject D (Fig. 1).3.2. DGGE band sequence analysis
In order to determine to which bacterial group or tax-
on this particular band could be ascribed, the speciﬁc
DGGE band fragment that appeared or intensiﬁed after
feeding was further characterized by sequencing analy-
sis. This band was sampled from 11 V3 proﬁles (Fig.
1) and yielded identical 170 bp sequences in all samples.
After comparison with the EMBL database, the se-
quence of the band in question exhibited highest similar-
ity (99.42%) with the 16S rRNA gene sequence of
species belonging to the Streptococcus bovis–equinus
group. However, because of the short length of the se-
quenced V3 fragment (170 bp) and the very high V3-
16S rRNA gene sequence similarity among members
of the S. bovis–equinus group, the obtained sequence
information did not allow to assign the 170-bp band
to one speciﬁc Streptococcus species.3.3. Isolation and identiﬁcation of the predominant faecal
streptococci
Given the dominance of the unidentiﬁed streptococ-
cal group in the DGGE population ﬁngerprints, an at-
tempt was made to isolate representatives of this
group from a selection of faecal samples (C3, D3, G3,Fig. 2. Comparison of V3 16S rRNA gene primer DGGE proﬁle of sample
isolate S3a, and type and reference strains of the Streptococcus bovis–equinu
LMG strain numbers. T, type strain.M3, O3, S3 and T2) on MRS medium under micro-aer-
ophilic conditions favouring the recovery of strepto-
cocci. In this way, a maximum of ﬁve colonies
(designated a to e) per sample were selected and further
puriﬁed for PCR-DGGE analysis using the V3-16S
rRNA gene primer. By comparing DGGE band posi-
tions, it was found that four out of the seven investi-
gated samples (i.e., C3, O3, S3 and T2) contained
several isolates that exactly matched the streptococcal
group (Fig. 2). Subsequently, these isolates were further
analyzed with (GTG)5-PCR ﬁngerprinting and
compared with type and reference strains of species
belonging to the S. bovis–equinus group including Strep-
tococcus alactolyticus, S. bovis, S. equinus, Streptococcus
gallolyticus subsp. gallolyticus and subsp. macedonicus,
Streptococcus lutetiensis and Streptococcus infantarius
subsp. infantarius (Fig. 3).
Clustering analysis of (GTG)5-PCR proﬁles indicated
that the faecal isolates were most closely related to S.
lutetiensis. Numerical analysis of ﬁngerprints also
showed that two (GTG)5-PCR types, i.e., type 1 and
2, were common to dogs C, O, S and T and dogs C, S
and T, respectively. Both strain types diﬀered in a single
band-position and all members within each of these
types displayed highly similar if not identical banding
patterns. Per dog, one representative isolate of each
(GTG)5-PCR type was further studied by FAFLP ﬁn-
gerprinting. Numerical analysis and visual inspection
of the FAFLP patterns showed that all of the selected
isolates (S3b, C3c, T2e, O3a and T2d, C3d, S3a) dis-
played similar but individually distinct proﬁles (data
not shown).
The partial 16S rRNA gene sequences of isolates O3a
(representing (GTG)5-PCR type 1) and S3a (represent-
ing (GTG)5-PCR type 2) showed 99.9–100% similarity
with three sequence entries of S. lutetiensis (EMBL
Accession. Nos. AF429763, AJ297214 and AJ297215)
including that of the type strain (CIP 106849T). How-
ever, a very high 16S rRNA gene sequence similarityS3 with the DGGE band positions of the extracted band of sample S3,
s group. Numbers behind the species assignment indicate the BCCM-
Fig. 3. Clustering analysis of (GTG)5-PCR proﬁles of a selection of faecal isolates and type and reference strains of S. bovis–equinus group members
using the Pearson correlation coeﬃcient and the UPGMA method.
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members of the S. bovis–equinus group such as S. infan-
tarius subsp. infantarius (99.7%) and S. equinus (99.5%),
which makes it impossible to reliably assign these iso-
lates to a speciﬁc streptococcal (sub)species. In contrast,
both isolates showed a partial sodA sequence similarity
ranging from 99.8% to 100% with the sodA gene of S.
lutetiensis strains (EMBL Accession Nos. AY035713,
AJ297188 and AJ297205) but only displaying 89.4–
90.3% similarity with sodA sequences of S. bovis, S. equi-
nus and S. infantarius subsp. infantarius.4. Discussion
Among various beneﬁcial eﬀects associated with pre-
biotic administration in dogs [10–12], the decrease of
faecal odor components implicated in carcinogenesis
has received much attention in recent years. Several
dose–response experiments conducted in dogs with oli-
gofructose and inulin have shown beneﬁcial eﬀects to-
wards an improved small intestine absorption capacity
and colonic epithelial cell proliferation [24], whereas fu-
ture trends in prebiotic dog feeding aim at the controlled
decrease of faecal putrefactive components and at an
improved nutrient digestibility. In a previous prebiotic
feeding study in seven healthy adult dogs [11], supple-
mentation of fructans resulted in an overall increase in
faecal SCFA concentrations and decrease in total phe-
nols. However, the possible link between the observed
fructan-induced eﬀects and speciﬁc changes or shifts inthe dog microbiota so far remain unclear. The objective
of the current study was to monitor overall changes in
the predominant faecal microbiota of these seven dogs
after oligofructose or inulin administration and identify
the bacterial group(s) involved in one of the most pro-
nounced population changes. For this purpose, the
diversity and stability of the predominant faecal bacte-
rial population were analyzed by comparing PCR-
DGGE ﬁngerprints of the control faecal samples with
those of samples collected after prebiotic feeding. In this
comparison, it was assumed that the predominant mic-
robiota of dogs is relatively stable in time [25] as has also
been observed in humans [19] and pigs [26]. Despite their
low complexity, V3 PCR-DGGE proﬁles showed con-
siderable variation between subjects indicating that each
of the dogs in the study harbors a unique faecal popula-
tion. Next to subject-speciﬁc changes, the appearance or
intensiﬁcation of several bands resulting from fructan
administration could be observed. One speciﬁc V3 band
fragment obtained after feeding was observed in six out
of the seven subjects and was selected for further charac-
terization. In contrast, Simpson et al. [25] reported that
DGGE population ﬁngerprints remained relatively sta-
ble upon dietary ﬁber supplementation in dogs. How-
ever, as noted by the latter authors, both the
concentration and the type of prebiotic substrate may
signiﬁcantly inﬂuence its eﬀect at the microbial popula-
tion level.
Sequence analysis of the extracted and puriﬁed V3
amplicon revealed highest homology with members of
the S. bovis–equinus group. Based on this information,
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produced V3 amplicons at the same position in DGGE
proﬁling as that of the original sample amplicon. Poly-
phasic taxonomic characterization with (GTG)5-PCR
ﬁngerprinting and partial 16S rRNA and sodA gene
sequencing allocated these faecal isolates to the species
S. lutetiensis. The V3 16S rRNA gene sequences of the
S. lutetiensis isolates were 100% identical to the sequence
of the extracted band fragment (data not shown). Taken
together with the relative dominance of this band in the
DGGE proﬁles of the samples obtained after feeding
(Fig. 1), it is thus very likely that the faecal S. lutetiensis
isolates represent the streptococcal group that appeared
to be involved in one of the most pronounced popula-
tion changes observed after fructan administration.
Although these isolates originated from diﬀerent dogs,
(GTG)5-PCR revealed that three subjects shared two
S. lutetiensis strain types that diﬀered only in a single
band position. FAFLP ﬁngerprinting, which is consid-
ered to be the most discriminating typing method next
to pulsed-ﬁeld gel electrophoresis, unraveled that mem-
bers of these two (GTG)5-PCR types are highly related
but most probably represent diﬀerent strains.
Although biﬁdobacteria are generally considered to
be one of the main target groups during fructan supple-
mentation in mammalians, none could be detected in the
present study using a Biﬁdobacterium genus-speciﬁc
PCR (data not shown). Willard et al. [27] could only
sporadically isolate biﬁdobacteria from dog faeces
whereas several other studies [13,28,29] reported an in-
crease of maximum one log unit. However, it should
be noted that all these studies relied on conventional
plate counting methods which often lack speciﬁcity for
biﬁdobacterial enumeration in faecal samples.
Although streptococci constitute one of the most pre-
dominant bacterial groups in the faecal microbiota of
healthy dogs [1,2,16], few studies have examined their
taxonomic diversity in canine gut ﬂora. A recent study
has indicated that Streptococcus alactolyticus is the
dominant culturable species of lactic acid bacteria in
the jejunum and faeces of ﬁstulated dogs [30]. To our
knowledge, the present study is the ﬁrst to report the
presence of S. lutetiensis in dogs. So far, this species
has only been isolated from human clinical (blood and
urine) and non-clinical (faeces) specimens [31,32]. Be-
cause of the limited knowledge regarding the distribu-
tion of S. lutetiensis (formerly named S. infantarius
subsp. coli [33]), its ecological role in the gut still remains
unclear. By deﬁnition, prebiotics are considered to selec-
tively stimulate growth and/or activity of potentially
health-enhancing intestinal bacteria [34]. However, at
this stage, there are no indications to claim that a poten-
tial stimulation of S. lutetiensis by fructan administra-
tion exerts positive or negative eﬀects on the health of
the dogs. Clearly, additional research is needed to unra-
vel the ecology of this organism in the canine gut and toinvestigate its role in the gut of healthy dogs. The possi-
ble eﬀect of prebiotic fructans on autochthonous bacte-
rial species of the dog gut such as S. lutetiensis requires
further investigation in future studies including higher
numbers of subjects. In addition, such studies should
also focus on other potential target organisms for prebi-
otic substrates and would beneﬁt from the use of quan-
titative culture-independent techniques such as real-time
PCR and ﬂuorescent in situ hybridization assays. These
new insights are crucial to understand which microbe-
host interactions are aﬀected in dose–response feeding
trials and may stimulate the development of more eﬀec-
tive prebiotic formulations for dog health.Acknowledgements
G.H. is a postdoctoral fellow of the Fund for Scien-
tiﬁc Research-Flanders (Belgium) (F.W.O.-Vlaanderen).
I. Cleenwerk and M. De Wachter are acknowledged for
their contribution in the FAFLP work. The authors are
grateful to ORAFTI Active Food Ingredients for scien-
tiﬁc support.References
[1] Drasar, D.S. and Hill, M.J. (1974) Human Intestinal Flora.
Academic Press, London, UK.
[2] Drasar, B.S. and Barrow P.A. (1985) Intestinal microbiology. In:
Aspects of Microbiology (Schlessinger, D., Ed.), Vol. 10, pp. 28–
38. American Society of Microbiology, Washington, DC.
[3] Davis, C.P., Cleven, D., Balish, E. and Yale, C.E. (1977) Bacterial
association in the gastrointestinal tract of beagle dogs. Appl.
Environ. Microbiol. 34, 194–206.
[4] Gibson, G.R. and Roberfroid, M.B. (1995) Dietary modulation of
the human colonic microbiota – introducing the concept of
prebiotics. J. Nutr. 125, 1401–1412.
[5] Van Loo, J., Coussement, P., Leenheer, L.D., Hoebregs, H. and
Smits, G. (1995) On the presence of inulin and oligofructose as
natural ingredients in the western diet. Crit. Rev. Food Sci. Nutr.
35, 525–552.
[6] Fishbein, L., Kaplan, M. and Gough, M. (1988) Fructooligosac-
charides: A review. Vet. Hum. Toxicol. 30, 104–107.
[7] Roberfroid, M.B. (1999) Concepts in functional foods: the case of
inulin and oligofructose. J. Nutr. 129, 1398S–1401S.
[8] Diez, M., Hornick, J.L., Baldwin, P., Van Eenaeme, C. and
Istasse, L. (1998) Etude des ﬁbres alimentaires chez le chien:
pre´sentation des re´sultats de 7 essais expe´rimentaux. Ann. Me´d.
Ve´t. 142, 185–201.
[9] Diez, M., Hornick, J.L., Baldwin, P., Van Eenaeme, C. and
Istasse, L. (1998) The inﬂuence of sugar-beet ﬁbre, guar gum
and inulin on nutrient digestibility, water consumption and
plasma metabolites in healthy beagle dogs. Res. Vet. Sci. 64,
91–96.
[10] Hesta, M., Roosen, W., Janssens, G.P.J., Millet, S. and De Wilde,
R. (2003) Prebiotics aﬀect nutrient digestibility but not faecal
ammonia in dogs fed increased dietary protein levels. Brit. J.
Nutr. 90, 1007–1014.
[11] Propst, E.L., Flickinger, E.A., Bauer, L.L., Merchen, N.R. and
Fahey, G.C. (2003) A dose–response experiment evaluating the
eﬀects of oligofructose and inulin on nutrient digestibility, stool
T. Vanhoutte et al. / FEMS Microbiology Letters 249 (2005) 65–71 71quality, and faecal protein catabolites in healthy adult dogs. J.
Anim. Sci. 81, 3057–3066.
[12] Flickinger, E.A., Schreijen, E.M.W.C., Patil, A.R., Hussein, H.S.,
Grieshop, C.M., Merchen, N.R. and Fahey, G.C. (2003) Nutrient
digestibilities, microbial populations, and protein catabolites as
aﬀected by fructan supplementation of dog diets. J. Anim. Sci. 81,
2008–2018.
[13] Beynen, A.C., Baas, J.C., Hoekemeijer, P.E., Kappert, H.J.,
Bakker, M.H., Koopman, J.P. and Lemmens, A.G. (2002) Faecal
bacterial proﬁle, nitrogen excretion and mineral absorption in
healthy dogs fed supplemental oligofructose. J. Anim. Physiol.
Anim. Nutr. 89, 298–305.
[14] Langendijk, P.S., Schut, F., Jansen, G.J., Raangs, G.C., Kam-
phuis, G.R., Wilkinson, M.H.F. and Welling, G.W. (1995)
Quantitative ﬂuorescence in situ hybridization of biﬁdobacteria
spp. with genus-speciﬁc 16S ribosomal-RNA-targeted probes and
its application in faecal samples. Appl. Environ. Microbiol. 61,
3069–3075.
[15] Wilson, K.H. and Blitchington, R.B. (1996) Human colonic biota
studied by ribosomal DNA sequence analysis. Appl. Environ.
Microbiol. 62, 2273–2278.
[16] Greetham, H.L., Giﬀard, C., Hutson, R.A., Collins, M.D. and
Gibson, G.R. (2002) Bacteriology of the Labrador dog gut: a
cultural and genotypic approach. J. Appl. Microbiol. 93, 640–646.
[17] Muyzer, G., Dewaal, E.C. and Uitterlinden, A.G. (1993) Proﬁling
of complex microbial-populations by denaturing gradient gel
electrophoresis analysis of polymerase chain reaction-ampliﬁed
genes coding for 16S ribosomal RNA. Appl. Environ. Microbiol.
59, 695–700.
[18] Nu¨bel, U., Engelen, B., Felske, A., Snaidr, J., Wieshuber, A.,
Amann, R.I., Ludwig, W. and Backhaus, H. (1996) Sequence
heterogeneities of genes encoding 16S rRNAs in Paenibacillus
polymyxa detected by temperature gradient gel electrophoresis. J.
Bacteriol. 178, 5636–5643.
[19] Vanhoutte, T., Huys, G., De Brandt, E. and Swings, J. (2004)
Temporal stability analysis of the microbiota in human faeces by
denaturing gradient gel electrophoresis using universal and group-
speciﬁc 16S rRNA gene primers. FEMS Microbiol. Ecol. 48, 437–
446.
[20] Versalovic, J., Schneider, M., De Bruijn, F.J. and Lupski, J.R.
(1994) Genomic ﬁngerprinting of bacteria using repetitive
sequence-based polymerase chain reaction. Methods Mol. Cell.
Biol. 5, 25–40.
[21] De Clerck, E. and De Vos, P. (2004) Genotypic diversity among
Bacillus licheniformis strains from various sources. FEMS Micro-
biol. Lett. 231, 91–98.
[22] Masco, L., Ventura, M., Zink, R., Huys, G. and Swings, J. (2004)
Polyphasic taxonomic analysis of Biﬁdobacterium animalis and
Biﬁdobacterium lactis reveals relatedness at the subspecies level:
reclassiﬁcation of Biﬁdobacterium animalis as Biﬁdobacterium
animalis subsp. animalis subsp. nov. and Biﬁdobacterium lactis as
Biﬁdobacterium animalis subsp. lactis subsp. nov. Int. J. Syst.
Evol. Microbiol. 54, 1137–1143.[23] Poyart, C., Berche, P. and Trieu-Cuot, P. (1995) Characterization
of superoxide-dismutase genes from gram-positive bacteria by
polymerase chain-reaction using degenerate primers. FEMS
Microbiol. Lett. 131, 41–45.
[24] Flickinger, E.A., Van Loo, J. and Fahey, G.C. (2003) Nutritional
responses to the presence of inulin and oligofructose in the diets of
domesticated animals: A review. Crit. Rev. Food Sci. Nutr. 43,
19–60.
[25] Simpson, J.M., Martineau, B., Jones, W.E., Ballam, J.M. and
Mackie, R.I. (2002) Characterization of faecal bacterial popula-
tions in canines: Eﬀects of age, breed and dietary ﬁber. Microb.
Ecol. 44, 186–197.
[26] Simpson, J.M., McCracken, V.J., Gaskins, H.R. and Mackie, V.
(2000) Denaturing gradient gel electrophoresis analysis of 16S
ribosomal DNA amplicons to monitor changes in faecal bacterial
populations of weaning pigs after introduction of Lactobacillus
reuteri strain MM53. Appl. Environ. Microbiol. 66, 4705–4714.
[27] Willard, M.D., Simpson, R.B., Cohen, N.D. and Clancy, J.S.
(2000) Eﬀects of dietary fructooligosaccharide on selected bacte-
rial populations in faeces of dogs. Am. J. Vet. Res. 61, 820–825.
[28] Swanson, K.S., Grieshop, C.M., Flickinger, E.A., Bauer, L.L.,
Healy, H.P., Dawson, K.A., Merchen, N.R. and Fahey, G.C.
(2002) Supplemental fructooligosaccharides and mannanoligosac-
charides inﬂuence immune function, ileal and total tract nutrient
digestibilities, microbial populations and concentrations of pro-
tein catabolites in the large bowel of dogs. J. Nutr. 132, 980–989.
[29] Grieshop, C.M., Flickinger, E.A. and Fahey, G.C. (2002) Oral
administration of arabinogalactan aﬀects immune status and
faecal microbial populations in dogs. J. Nutr. 132, 478–482.
[30] Rinkinen, M.L., Koort, J.M.K., Ouwehand, A.C., Westermarck,
E. and Bjo¨rkroth, K.J. (2004) Streptococcus alactolyticus is the
dominating culturable lactic acid bacterium species in canine
jejunum and faeces of four ﬁstulated dogs. FEMS Microbiol.
Lett. 230, 35–39.
[31] Bouvet, A., Grimont, F., Collins, M.D., Benaoudia, F., Devine,
C., Regnault, B. and Grimont, P.A. (1997) Streptococcus infan-
tarius sp. nov. related to Streptococcus bovis and Streptococcus
equinus. Adv. Exp. Med. Biol. 418, 393–395.
[32] Poyart, C., Quesne, G. and Trieu-Cuot, P. (2002) Taxonomic
dissection of the Streptococcus bovis group by analysis of
manganese-dependent superoxide dismutase gene (sodA)
sequences: reclassiﬁcation of Streptococcus infantarius subsp.
coli as Streptococcus lutetiensis sp. nov. and of Streptococcus
bovis biotype II.2 as Streptococcus pasteurianus sp. nov. Int. J.
Syst. Evol. Microbiol. 4, 1247–1255.
[33] Schlegel, L., Grimont, F., Collins, M.D., Regnault, B., Grimont,
P.A.D. and Bouvet, A. (2000) Streptococcus infantarius sp. nov.,
Streptococcus infantarius subsp. infantarius subsp. nov. and
Streptococcus infantarius subsp. coli subsp. nov., isolated from
humans and food. Int. J. Syst. Evol. Microbiol. 50, 1425–1434.
[34] Roberfroid, M.B., Van Loo, J.A. and Gibson, E.R. (1998) The
biﬁdogenic nature of chicory inulin and its hydrolysis products. J.
Nutr. 128, 11–19.
